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(57)Abstract . 
PROBLEM TO BE SOLVED: To reduce losses in a single-crystal raw material by providing a single- crystal water which can 
withstand the device process, even if its thickness is small and to provide an MIS semiconductor device or a solar cell at a 
low cost by using such a wafer. n/Jii r ±.u 

SOLUTION" The main face of the single-crystal wafer is a plane, having a tilting angle with respect to the L100J axis of the 
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or [101] direction or is a face which is equivalent to these faces. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS ' 

[Claim(s)] . 
[Claim 1] The single crystal wafer characterized by being the field where the mam front tace ot a 
single crystal wafer is equivalent to the field or this field where it has alpha (0 degree < alpha< 90 
degrees) in the [01 1] directions, and it has whenever [ tilt-angle / of gamma (0 degree <= gamma< 
45 degrees) ] in the [01-1] direction to the [100] shafts of a single crystal in beta (0 degree < beta< 
90 degrees), the [ 1 0- 1 ] direction, or the [ 1 0 1 ] directions. 

[Claim 2] The single crystal wafer indicated by claim 1 characterized by said single crystal wafer 
consisting of semi-conductor silicon. 

[Claim 3] The single crystal wafer characterized by being the single crystal wafer indicated by claim 
1 or claim 2, and being diameter (mm) <=3 of the thickness (micrometer)/wafer of a wafer. 
[Claim 4] The single crystal wafer characterized by forming an insulator layer in the front face of the 
single crystal wafer indicated by claim 2 or claim 3. 

[Claim 5] The single crystal wafer indicated by claim 4 characterized by being the silicon oxide in 
which said insulator layer contains Kr. 

[Claim 6] The single crystal wafer with which said insulator layer was indicated by claim 4 to which 
it is characterized by being Ar or Kr, and a silicon nitride containing hydrogen. 
[Claim 7] The photovoltaic cell produced using the single crystal wafer indicated by any 1 term of 
claim 1 thru/or claim 6. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

[0001] , . . lL 

[Field of the Invention] This invention relates to the MIS mold semiconductor device using the 
wafer, and a photovoltaic cell further about the wafer which can make thin thickness of the single 
crystal wafer used for a device process compared with the former. 

[Description of the Prior Art] The single crystal wafer represented by silicon (Si) and gallium 
arsenide (GaAs) is obtained by slicing the single crystal rod (ingot) produced by the Czochrlski 
method (CZ process) or the floating zone method (FZ method) in the shape of a wafer. Therefore, 
thickness of the wafer sliced is made as thin as possible, or to obtain more product wafers from one 
ingot is desired by [ which are depended on a slice ] processing it and lessening ■** That is, by 
reducing the processing loss of the thickness of a wafer, or a wafer manufacture process, the futility 
of a raw material was lost and the technical problem that a manufacturing cost is lowered is widely 
recognized from the former. 

[0003] However, since it will become easy to generate a crack and KAKE in a water manufacture 
process or a device manufacture process if thickness of a wafer is only made thin, a certain amount 
of thickness (in for example, the case of a silicon wafer with a diameter of 200mm about 700-800 
micrometers) is needed. Moreover, since there was a limit on slice equipment, the thing to depend on 
a slice and for which it is processed and ** is lessened had a limitation. 
[0004] Moreover, it not only produces the loss of a raw material only in a wafer manufacture 
process but in a device manufacture process, it produces it. Since the thickness of the wafer 
eventually mounted as a chip was about 100-200 micrometers, there is a process (back lap) which 
carries out thinning processing from the rear face of a wafer, and the raw material was consumed 
vainly also here. , 
[0005] On the other hand, high performance electrical properties, such as a low leak current 
characteristic, a low interface-state-density consistency, and high carrier impregnation resistance, 
and high-reliability are required of the gate dielectric film of the MIS (metal / insulator layer / 
silicon) mold transistor produced mainly using a silicon single crystal wafer. As a gate-dielectnc- 
film formation technique which fills these demands, the thermal oxidation technique 800 degrees C 
or more which used the oxygen molecule and the water molecule has been used conventionally. It 
was a time of using conventionally the silicon wafer which has field bearing leaned about 4 degrees 
from the {100} sides of the silicon wafer with which a front face consists of {100} sides, or a single 
crystal that use this thermal oxidation technique and good oxide film / silicon interface property, the 
proof-pressure property of an oxide film, and a leak current characteristic are acquired. 
[0006] When the gate oxide which used the thermal oxidation technique for the silicon wafer which 
consists of other other field bearings was formed, electrical characteristics - the interface-state- 
density consistency of an oxide film / silicon interface is high, and the proof-pressure property of an 
oxide film and a leak current characteristic are bad - were inferior. Therefore, the wafer with which 
the silicon wafer with which semiconductor devices, such as an MIS mold transistor, are formed has 
field bearing to which about 4 degrees was leaned from the {100} sides of the wafer the front face of 
whose is {100} sides conventionally, and a single crystal was used. 

[0007] However, since the {110} sides which are a cleavage plane appear perpendicularly to a front 
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face, a crack, KAKE, a slip rearrangement, etc. tend to generate in a process the silicon wafer with 
which a froni face consists of {100} sides. Therefore, usually for the diameter of 200mm, the about 
600-700-micrometer thing was used in 700-800 micrometers and the diameter of 150mm, and the 
wafer thickness of the silicon wafer which consists of {100} sides was the same also about the wafer 
which has field bearing leaned about 4 degrees from the {100} sides of a single crystaL 
T0008] The technique of forming a good insulator layer was developed, without being dependent on 
field bearing of the front face of a silicon wafer in recent years (refer to 2000 Symposium on VLSI 
Technology, Honolulu, Hawaii, June 13th-15th, and 2000 "Advantage of Radical Oxidation for 
Improving Reliability of Ultra-Thin Gate Oxide"). Therefore, according to such technique, it can be 
said to be that it became unnecessary to limit field bearing of the wafer which produces an MIS mold 
semiconductor device to {100} sides. 

rProblem(s) to be Solved by the Invention] Then, from the relation between field bearing and the 
crack easy of a wafer, even if wafer thickness is thin compared with the former, this invention aims 
at reducing the loss of a single crystal by providing the former and an EQC with the single crystal 
wafer which can bear a device process, in order to utilize the technique of forming a good insulator 
layer effectively, without being dependent on this field bearing. Moreover, it aims at offering an MIS 
mold semiconductor device or the photovoltaic cell by which it is made the big technical problem to 
reduce a manufacturing cost by low cost by using the silicon wafer which has pile side bearing in 
such a crack. 

[Means for Solving the Problem] As for this invention which solves the above-mentioned technical 
Problem, the main front face of a single crystal wafer receives the [100] shafts of a single crystal. It 
is the single crystal wafer characterized by being a field equivalent to the field or this side which has 
alpha (0 degree < alpha< 90 degrees) in the [01 1] directions, and has whenever [ tilt-angle / of 
gamma (0 degree <= gamma< 45 degrees) ] in the [01-1] direction in beta (0 degree < beta< 90 
degrees), the [10-1] direction, or the [101] directions (claim 1). 

[001 11 Since it becomes field bearing to which it inclined from all the {110} sides that are easy to 
carry out cleavage, compared with the single crystal wafer of the conventional {100} sides it crack- 
comes to be hard of the front face of such a single crystal wafer to the stress from the outside. 
Therefore since a wafer with thickness thinner than before is producible, wafer number of sheets 
producible from one single crystal ingot increases, and manufacturing-cost reduction is attained. 
Fo012] In this case, a single crystal wafer shall consist of semi-conductor silicon (claim 2). Thus, it a 
single crystal wafer is semi-conductor silicon, since it is the semi-conductor most used widely now, 
the effectiveness by reduction of a manufacturing cost will become very large. 
[0013] In this case, it shall be diameter (mm) <=3 of the thickness (micrometer)/wafer of a wafer 
(claim 3) Thus since the single crystal wafer of this invention becomes the thing excellent m the 
mechanical strength, the wafer thickness to the diameter of a wafer called diameter (mm) <-3 of the 
thickness (micrometer)/wafer of a wafer which was not able to be realized can use it as a very thin 
wafer conventionally. Therefore, the effectiveness by reduction of a manufacturing cost will become 

roof 41 In this case it is desirable to have formed the insulator layer in the front face of a single 
crystal wafer (claim 4). Thus, the cleavage of a wafer can be controlled if an insulator layer is 
formed in one [ at least ] front face using the silicon single crystal wafer of this invention. It is higher 
for cleavage depressor effect to form the insulator layer all over the wafer. Moreover, using such a 
wafer, an MIS semiconductor device is producible, it is thin and a device can be produced by low 
cost on a pile wafer to a crack. 

[00151 In this case, it is desirable that they shall be the silicon oxide (claim 5) in which said insulator 
layer contains Kr, or the silicon nitride in which said insulator layer contains Ar or Kr, and hydrogen 
(claim 6) Thus, a good insulator layer is obtained, without being dependent on field bearing, it 
insulator layers are the silicon oxide containing Kr or Ar or Kr, and a silicon nitride containing 

W0\6] Furthermore, a photovoltaic cell is producible using the single crystal wafer of such this 
invention (claim 7); Since the solar battery has seldom spread for the height of the manufacturing 
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cost reinforcement is higher than before, if the wafer of this invention with which processing of a 
thin'silicon single crystal wafer is attained is used, lowering of the manufacturing cost of a solar 
battery can be aimed at, and the effectiveness is large. 

[0017] Hereafter, this invention is further explained to a detail. In order that this invention person 
might receive that the technique of forming a good insulator layer was developed and might use this 
as mentioned above, without being dependent on field bearing of the front face of a silicon wafer, he 
paid his attention to the relation between field bearing of a wafer, and a crack easy. That is, since the 
reason which limits field bearing of a device property top wafer was lost, even if it produced the 
wafer with thickness thinner than before by choosing field bearing where reinforcement is high as 
much as possible, it conceived that the wafer number of sheets by which the thing of the former and 
equivalent level is obtained and the crack of a wafer and generating of KAKE are acquired from one 
ingot as a result could be made to increase. 

[0018] By the way, as field bearing of the silicon wafer with which a device is produced, while a low 
index like [ for many years ] {100} sides or {1 1 1 } sides was used, the wafer of field bearing which 
inclined from this field bearing was also used. For example, using the field which carried out 
abundance dip of the invention indicated by JP,56-109896,A, JP,3-61634,B, and JP,8-26891,A about 
{100} sides or {1 1 1 } sides to one {110} side is indicated. However, this inclines only about one 
{110} side and it is hard to say it to a crack as a pile wafer. Moreover, the above-mentioned 
technique was a thing about generating prevention of a process induction crystal defect, or 
generating prevention of the defect at the time of epitaxial growth. 

[0019] if a saw mark and the direction of cleavage agree on the other hand in case a wire saw cuts a 
single crystal by JP,9-262825,A about the relation between field bearing and the crack easy of a 
wafer ~ a crack ~ being easy - things are indicated. However, the cleavage planes currently taken 
into consideration here were only {110} sides which intersect perpendicularly with {100} sides, and 
were only a wafer with which it is not considered at all about {100} sides and the {1 10} sides which 
have the include angle of 45 degrees, but the wafer cut down also consists of low-index sides, such 

as {100} sides. . . 

[0020] In order to produce a pile wafer to a crack, it was only insufficient for this invention person to 
take into consideration only the {1 10} sides which intersect perpendicularly with {100} sides, and he 
conceived what needs to be taken into consideration also about {100} sides and the {1 10} sides 
which have the include angle of 45 degrees, and completed this invention. 

[Embodiment of the Invention] Although explained hereafter, referring to a drawing about the gestalt 
of operation of this invention, this invention is not limited to these. Drawing 1 is a drawing 
explaining field bearing of the single crystal wafer in this invention. The arrow head (vector) shown 
by the thick wire in drawine 1 shows field bearing (the direction of a normal on the front face of a 
wafer) of the single crystal wafer of this invention. To [100] shafts (X-axis), in the [01 1] directions, 
it has beta (0 degree < beta< 90 degrees) in alpha (0 degree < alpha< 90 degrees) and the [01-1] 
direction, and has whenever [ tilt-angle / of gamma (0 degree <= gamma< 45 degrees) ] m the [10-1] 

[00M]°That is the single crystal wafer which consists of this field bearing will have the field which 
is a cleavage plane (011), a field (01 -1), and the field where only include angles alpha, beta, and 
gamma inclined from the field (10-1), respectively, and the mechanical strength to the stress from 
the outside becomes high compared with the wafer of field bearing of the conventional low index_ 
[0023] Here since it becomes gamma= 0 degree in alpha=beta, if the cross section of the wafer of 
such an inclined plane is seen from [010], the field which is a cleavage plane (10-1) and a field 
(101) will turn into a field of the bilateral symmetry which has 45 degrees to a field (100), 
respectively Therefore, if a difference does not have the effective Bond number of a crystal in every 
field bearing, it will be thought that gamma= 0 degree becomes the highest as reinforcement. 
However, it is thought that actual reinforcement is decided by both field bearing and the effective 
Bond number and high reinforcement is obtained, even if gamma= 0 degree cannot say that it is the 
optimal but the range of it is 0 degree < gamma< 45 degrees generally, since the effective Bond 
number has a difference by field bearing. Incidentally, in a field (1 1 1), (the 1 10th page), and a field 
(100) as for the effective Bond number in the case of a silicon single crystal, it knows 2, 9.6x1014 
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piece/cm2, and 11.8x1014 things [ 6.8x1014 pieces // cm / 2 ] /cm, respectively. 
[0024] Moreover, gamma at the time of alpha>beta means not the tilt angle of the [10-1] direction 
shown in drawing 1 but the tilt angle of the [101] directions. In addition, as field bearing equivalent 
to the single crystal wafer of drawing 1 , if the symmetry of a crystal is taken into consideration, the 
3rd page exists in the direction which rotated 90 degrees of vectors of drawing 1 at a time at yz flat 
surface. What is necessary is to lean the single crystal ingot produced on condition that usual to a 
predetermined include angle, and just to slice it, in order to produce the wafer which consists of such 
a specific inclined plane. In the case of the silicon single crystal, as crystal orientation of the ingot 
usually produced, <1 10> and <51 1> are known as producible crystal orientation, without there being 
<100> and <1 1 1>, in addition causing superfluous deformation of a crystal. Moreover, since a 
crystal with an off-angle type can also be pulled up by using the seed crystal to which the off-angle 
type of abundance extent was attached beforehand as seed crystal at the time of pulling up a single 
crystal, the bearing adjustment at the time of a slice can also be simplified using such a crystal. 
[0025]Since the front face of such a single crystal wafer of this invention serves as field bearing to 
which it inclined from all the {110} sides that are easy to carry out cleavage, it cannot break easily to 
the stress from the outside compared with the single crystal wafer of the conventional {100} sides, 
and can produce a wafer with thin thickness. 

[0026] For example, when a single crystal wafer is produced from semi-conductor silicon, thickness 
is able for that that whose thickness is about 700-800 micrometers needed to be produced with the 
wafer with a diameter of 200mm with the silicon single crystal wafer of the conventional {100} 
sides to be able to make it thinner than this with the single crystal wafer of this invention, for 
example, to consider as a thing 600 micrometers or less with the wafer which is the diameter of 
200mm. Therefore, wafer number of sheets producible from one single crystal ingot increases, and 
manufacturing-cost reduction is attained. 

[0027] Next, how to form gate dielectric film required for an MIS mold semiconductor device is 
explained using a silicon wafer with such an inclined plane (it is hereafter indicated as a field (abc).). 
If an insulator layer is formed by the following approaches, an insulator layer without the field 
bearing dependency in which the property of gate dielectric film is not certainly inferior compared 
with the former can be formed. 

[0028] Drawing 2 is drawing showing an example of the equipment using the radial line slot antenna 
for forming an oxide film to the single crystal wafer of this invention. The new description is in this 
operation gestalt to use Kr as plasma excitation gas the sake [ at the time of oxide-film formation ]. 
The inside of a vacuum housing (processing room) 1 is made into a vacuum, Kr gas and 02 gas are 
introduced from the shower plate 2, and the pressure of the processing interior of a room is set as 
1 Torr (about 133Pa) extent. 

[0029] The substrate 3 of circle configurations, such as a silicon wafer, is placed on the sample base 
4 with a heating device, and it sets up so that the temperature of a sample may become 400 degrees 
C. This temperature setting out can be made into within the limits of about 200 - 550 degrees C. 
From the coaxial waveguide 5, it lets the radial line slot antenna 6 and the dielectric plate 7 pass, 
2.45GHz microwave is supplied to the processing interior of a room, and the plasma of high density 
is generated to the processing interior of a room. Moreover, if the frequency of the microwave to 
supply is in the range of 900MHz or more 10GHz or less extent, it can choose any frequency. 
[0030] Spacing of the shower plate 2 and a substrate 3 is set to 6cm with this operation gestalt. 
Membrane formation of this spacing with the more nearly high-speed narrower one is attained. 
Although this operation gestalt showed the example which formed membranes using the plasma 
equipment which used the radial line slot antenna, microwave may be introduced into the processing 
interior of a room using other approaches. 

[0031] In the high density excitation plasma with which Kr gas and 02 gas were mixed, Kr* in a 
medium excitation state and O dyad collide, and atom-like oxygen O* occurs efficiently. A substrate 
front face oxidizes by this atom-like oxygen. Oxidation on the conventional front face of silicon is 
performed by an H20 molecule and O dyad, and although processing temperature was very as high 
as 800 degrees C or more, the oxidation by the atom-like oxygen of this invention becomes possible 
at 550 degrees C or less and temperature low enough. 

[0032] In order to enlarge Kr* and the collision opportunity of 02, the higher one of the processing 
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room pressure force is desirable, but if it is made not much high, generated O* will collide and it will 
return to O dyad, this invention persons maintained the pressure ratio of the processing interior of a 
room at 3% of Kr97% oxygen, when the oxide-film thickness which grows by the silicon substrate 
temperature of 400 degrees C when changing the gas pressure of a processing room and oxidation 
treatment for 10 minutes was measured and the gas pressure of a processing room was lTorr, the 
oxide film became thick most, and it turned out that this pressure or the oxidation conditions of that 
near are desirable. This flow and pressure requirement did not change field bearing of substrate 
silicon in respect of the field (100) (1 1 1), but it turned out also in the field (abc) that it is the same. 
[0033] The relation between the oxide-film thickness containing Kr at the time of silicon wafer 
scaling which used the Kr/02 high-density plasma, and oxidation time amount is shown in drawing 
3 . The silicon substrate shows the thing of a field bearing (100) side, a field (1 1 1), and (abc) a field. 
The oxidation time dependency by the 900-degree C conventional dry thermal oxidation is 
simultaneously shown in drawing 3 . The quick thing of the oxidation rate [ the substrate temperature 
of 400 degrees C and ] of the Kr/02 high-density plasma oxidation in processing internal pressure 
force lTorr is clearer than the oxidation rate of the formation of atmospheric pressure dry cleaning O 
diacid with a substrate temperature of 900 degrees C. 

[0034] By introducing silicon substrate scaling using the Kr/02 high-density plasma, the 
productivity of a surface oxidation technique can also be raised substantially. In order for O dyad 
and an H20 molecule to pass through the oxide film formed in the front face by diffusion with the 
conventional elevated-temperature thermal oxidation technique, to reach the interface of 
silicon/silicon oxide and to contribute to oxidation, Although it was the common sense which rate- 
limiting [ of the oxidation rate ] is carried out by the diffusion rate of 02 and the oxide film of an 
H20 molecule, and is increased by tl/2 to the oxidation time amount t, in the Kr/02 high-density 
plasma oxidation of this invention, oxide-film thickness of an oxidation rate is linear to 35nm. This 
has the very large diffusion rate of atom-like oxygen in silicon oxide, and it means passing through 
silicon oxide free. 

[0035] the depth direction distribution of Kr consistency in the silicon oxide formed in the above- 
mentioned procedure - total reflection fluorescence X rays - a spectrum - it investigated using 
equipment. Kr consistency decreases, so that oxide-film thickness becomes a thin field, and in a 
silicon oxide front face, Kr exists by about [ 2x101 1cm - ] two consistency. That is, Kr concentration 
in the film 4nm or more has [ this silicon film ] fixed thickness, and it is the film with which Kr 
concentration is decreasing toward the interface of silicon/silicon oxide. 

[0036] Drawing 4 is the result of asking for the interface-state-density consistency of an oxide film 
from low frequency C-V measurement. Formation of silicon oxide formed membranes at the 
substrate temperature of 400 degrees C using the equipment shown in drawing 2 . The partial 
pressure of the oxygen in rare gas fixed the pressure of the processing interior of a room to lTorr 
3%. The interface-state-density consistency of the thermal oxidation film which formed membranes 
in the ambient atmosphere of 100% of 900-degree-C oxygen for the comparison is also shown 
simultaneously. The interface-state-density consistency of the oxide film which formed membranes 
using Kr gas is equivalent to the interface-state-density consistency of the thermal oxidation film in 
which the field (100), the field (1 1 1), and (abc) the field were formed to the field (100) which was 
low and formed membranes in the 900-degree C dry oxidation ambient atmosphere. Therefore, it 
turns out that a good oxide film with a low interface ranking consistency is similarly obtained in a 
field (abc). In addition, the interface-state-density consistency of the thermal oxidation film formed 
in the field (1 1 1) is large single or more figures compared with these. 

[0037] The good property as 900-degree C thermal oxidation that the oxide film by silicon substrate 
scaling using the Kr/02 high-density plasma is the same was acquired about electrical 
characteristics, such as the amount QBD (Charge-to-Breakdown) of charges until the silicon oxide 
when passing the proof-pressure property of this oxide film, a leak property, hot carrier resistance, 
and a stress current results in destruction, and a dependability property. 
[0038] as mentioned above, the oxide film which grew by the Kr/02 high-density plasma is 
equivalent to the elevated-temperature thermal oxidation film of the conventional field (100) also in 
a field (abc), without being influenced in the field bearing, in spite of having oxidized at the low 
temperature of 400 degrees C - it is - carrying out - the more excellent property is shown. That 
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such effectiveness is acquired originates also in Kr containing in an oxide film. When Kr contains in 
an oxide film, the stress in the inside of the film or Si/Si02 interface is eased, the charge in the film 
and an interface-state-density consistency are reduced, and it thinks because the electrical 
characteristics of silicon oxide are improved substantially. It is thought that that two or less 
[ 5x101 1cm - ] Kr is especially included in surface density has contributed to the improvement of the 
electrical characteristics of silicon oxide and a dependability property. The MIS transistor which 
used this gate oxide shows a good property in every field bearing, and can acquire a property 
equivalent to a field (100) also in a field (abc). 

[0039] In addition, in order to realize the oxide film of this invention, another equipment for plasma 
processes which enables oxide-film formation of the low temperature which used the plasma other 
than the equipment of drawing 2 may be used. For example, it is also possible to form with a two- 
step shower plate mold plasma process unit with the 2nd different gas-evolution means from the 1st 
gas-evolution means which emits Kr gas for exciting the plasma by microwave, and said 1st gas- 
evolution means to emit oxygen gas. 

[0040] Next, nitride formation of the low temperature using the plasma is described. Nitride 
formation equipment is almost the same as what was shown in drawing 2 . In this operation gestalt, 
Ar or Kr is used as plasma excitation gas a sake [ at the time of nitride formation ]. The inside of a 
vacuum housing (processing room) 1 is made into a vacuum, Ar gas and NH3 gas are introduced 
from the shower plate 2, and the pressure of the processing interior of a room is set as lOOmTorr 
extent. The substrate 3 of circle configurations, such as a silicon wafer, is placed on the sample base 
4 with a heating device, and it sets up so that the temperature of a sample may become 500 degrees 
C. What is necessary is just to make this temperature setting out into within the limits of about 200 - 
550 degrees C. 

[0041] From the coaxial waveguide 5, it lets the radial line slot antenna 6 and the dielectric plate 7 
pass, 2.45GHz microwave is supplied to the processing interior of a room, and the plasma of high 
density is generated to the processing interior of a room. Moreover, the frequency of the microwave 
to supply should just be in the range of 900MHz or more 1 0GHz or less extent. Spacing of the 
shower plate 2 and a substrate 3 is set to 6cm by this example. Membrane formation of this spacing 
with the more nearly high-speed narrower one is attained. 

[0042] Although this operation gestalt showed the example which formed membranes using the 
plasma equipment which used the radial line slot antenna, microwave may be introduced into the 
processing interior of a room using other approaches. Moreover, although Ar is used for plasma 
excitation gas, the same result can be obtained even if it uses Kr. Moreover, although NH3 is used 
for plasma process gas, mixed gas, such as N2 and H2, may be used. 

[0043] In Ar or the high density excitation plasma of the mixed gas of Kr and NH3 (or N2, H2), 
NH* radical occurs efficiently by Ar* or Kr* in a medium excitation state. A substrate front face is 
nitrided by this NH* radical. According to such silicon nitriding, field bearing of silicon is not 
chosen but it becomes possible to form a quality nitride at low temperature. 

[0044] In silicon nitride formation of this invention, it is one important requirement that hydrogen 
exists. When hydrogen exists in the plasma, the dangling bond of the inside of a silicon nitride and 
an interface forms Si-H and N-H coupling, termination is carried out, and, as a result, the electron 
trap of a silicon nitride and an interface is lost. It is checked by measuring an infrared absorption 
spectrum and an X-ray-photoelectron-spectroscopy spectrum, respectively that Si-H association and 
N-H coupling exist in the nitride of this invention. In hydrogen existing, the hysteresis of valve flow 
coefficient property is also lost and silicon / silicon nitride interface consistency is also low stopped 
with 3xl010cm-2. By making the partial pressure of hydrogen gas into 0.5% or more, in forming a 
silicon nitride using rare gas (Ar or Kr) and the mixed gas of N2/H2, the electron and hole trap in the 
film decrease rapidly. The specific inductive capacity of the silicon nitride of this operation gestalt is 
7.9, and the twice [ about ] as many thing as silicon oxide was obtained. 

[0045] In order to realize the nitride of this invention, another equipment for plasma processes which 
enables nitride formation of the low temperature which used the plasma other than the equipment of 
drawing 2 may be used. For example, it is also possible to form with a two-step shower plate mold 
plasma process unit with the 2nd different gas-evolution means from the 1 st gas-evolution means 
which emits Ar or Kr gas for exciting the plasma by microwave, and said 1st gas-evolution means to 
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emit NH3 (or N2/H2 gas) gas. 

[0046] Next, a silicon wafer with a field like this invention (abc) explains how to manufacture a 
photovoltaic cell. As already stated, the mechanical strength of the silicon wafer with which the main 
front face consists of a field (abc) is high. Therefore, it becomes possible to slice more thinly than 
the thickness (it is about 400-600 micrometers at the diameter of 100- 150mm) which had sliced the 
silicon single crystal ingot for solar batteries conventionally, for example, is less than [ 300-450 
micrometers or it ] for the diameter of 100-1 50mm. Therefore, since the part wafer yield improves, a 
cost cut becomes possible. 

[0047] Although a slice is performed by a wire saw and the inner circumference cutting edge, 
distortion has arisen into the crystal by the mechanical shock at the time of a slice. This distortion 
degrades the electrical characteristics of a wafer and also affects the property of a cel. Therefore, in 
order to remove this distortion layer, about 1 0-20-micrometer chemical etching is performed. It is 
common that such etching is performed by the mixed acid of HF and HN03, and etching is 
performed, rotating a carrier, in order to put several ten wafers into the carrier for etching and to etch 
into the homogeneity within a field in that case. Therefore, it will be a pile to a crack that wafer 
reinforcement is high also in such an etching process, even if it acts advantageously and is a thin 
wafer. Moreover, etching by the alkali called the texture processing for gathering conversion 
efficiency is also performed. 

[0048] Then, since it is the silicon wafer of p mold, by diffusing the impurity of n mold in this, 
usually being used forms pn junction and it produces a photovoltaic cell through electrode formation 
and formation of an antireflection film. 

[0049] Moreover, sequential formation of n type layer, p type layer, and the n type layer is earned 
out with epitaxial growth on the front face of p mold wafer, and the tandem construction of a pnpn 
mold can attain 20% or more of conversion efficiency, and output voltage 1 .5V. 
[0050] Thus, even if the wafer with which the main front face of this invention consists of a field 
(abc) makes thickness thin, it can bear the process which fully produces a device and a solar battery, 
and it can aim at these remarkable manufacture cost cuts. 

[0051] In addition, this invention is not limited to the above-mentioned operation gestalt. The above- 
mentioned operation gestalt is instantiation, and no matter it may be what thing which has the same 
configuration substantially with the technical thought indicated by the claim of this invention, and 
does the same operation effectiveness so, it is included by the technical range of this invention. 
[0052] For example, although the case where a single crystal wafer consisted of semi-conductor 
silicon was mentioned as the example and the above-mentioned operation gestalt explained it, this 
invention is not limited to this, can be applied also about the single crystals and compound 
semiconductors other than silicon, and is contained in the range of this invention. 
[0053] 

[Effect of the Invention] As mentioned above, the single crystal wafer of this invention turns into a 
single crystal wafer which can bear a device process at the former and an EQC, even if wafer 
thickness is thin compared with the former. Therefore, an MIS mold semiconductor device or the 
photovoltaic cell by which it is made the big technical problem to reduce a manufacturing cost can 
be offered by low cost by being able to reduce the loss of a single crystal raw material more 
remarkably than before, and using such a silicon wafer. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 11 It is an explanatory view explaining field bearing of the single crystal wafer of this 
invention. 

[Drawing 21 It is drawing showing an example of the equipment using the radial line slot antenna for 
forming an oxide film to the single crystal wafer of this invention. 

[Drawing 3] It is drawing having shown the relation between the oxide-film thickness containing Kr 
at the time of silicon wafer scaling using the Kr/02 high-density plasma, and oxidation time amount. 

[Drawing 41 It is drawing showing the result of having asked for the interface-state-density 
consistency of an oxide film from low frequency C-V measurement. 
[Description of Notations] 

1 - Vacuum housing (processing room) 2 - Shower plate 3 [ 5 - Coaxial waveguide 6 - A radial 
line slot antenna, 7 — Dielectric plate. ] — A substrate, 4 - Sample base 
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[Drawing 11 
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[Drawing 41 

«r io 1 ' 

E 
o 

% 10 12 



Kr/OjBHt 

Kr/Oj= 97/3 
tt* : 1Torr 
^•7— : 5 W/cm 2 r 



SUftft 

KM 




(100) (abc) (111) (100) (abc) (111) 



[Translation done.] 



http://v\^vw4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



1/19/2006 



